Background: Whether the patients with migraine have an elevated mortality risk in Taiwan is unclear.
Background
Migraine is a major disabling disease worldwide. Numerous epidemiological studies conducted in developed Western countries have found that migraines affect approximately 20% of the general population [1, 2] . An international study in developing Asian countries showed that migraine accounts for 66.6% (range: 50.9%-85.8%) of all headache services at neurological clinics [3] . Globally, migraine is approximately 2 times more prevalent in women than in men, particularly in young and middle-aged women during menstruation [2, 4, 5] . Migraine not only affects the central nervous system and disrupts daily life but also increases life-threatening comorbid psychological and cardiovascular diseases in patients [6, 7] . The prevalence for migraine has been investigated a lot for the past 50 years and described the burden of migraine on individuals and communities worldwide [5, 8] . Researchers have proposed that patients with migraine have a higher risk of mortality due to a high vulnerability to other fatal diseases. Although numerous studies have examined the markers for the long-term outcomes of migraine, the actual mortality risk in patients with migraine has remained unclear so far [5, 8, 9] . Therefore, further investigation is required to understand the correlated mortality in patients with migraine to elucidate future treatment strategies for migraine.
Treatment-resistant migraine or status migrainosus (SM) poses a unique and difficult challenge to headache specialists. Patients with such a condition may experience considerably more disability than patients with a classic, non-status migraine (NM) and thus may require specific pharmacological treatment or adopt psychological strategies to reduce the burden of the disease [10] . There might be different mortality risks in these 2 groups of patients compared with the general population. We used a nationwide, population-based database to investigate the subsequent mortality rates in patients ever with SM and NM. The findings of this study might constructively inform the development and implementation of effective treatment strategies to reduce the migraine burden in Taiwan.
Methods

Data source
This population-based cohort study used the Longitudinal Health Insurance Database (LHID) provided by the National Health Research Institutes in Taiwan. Since March 1995, the Taiwanese government has managed a National Health Insurance (NHI) program that provides comprehensive universal health insurance to approximately 99.9% of the Taiwan population (more than 23 million individuals) [11, 12] . The details of the LHID and NHI program have been well documented [13, 14] . In this study, diagnoses were coded according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). This study was approved by the Ethics Review Board of China Medical University in Taiwan (CMUH-104-REC2-115).
Participants
The migraine cohort was composed of patients with newly diagnosed SM (ICD-9-CM code 346.9, and without code 346.90 or 346.91) or NM (ICD-9-CM code 346.x except 346.9) from January 1, 2000 to December 31, 2012. The date of the diagnosis was defined as the index date. The comparison cohort comprised patients without a migraine diagnosis in the LHID. For each identified patient with migraine, 4 non-migraine participants from the LHID were randomly selected for the comparison cohort and were frequency matched with age (each 5-year span); sex; and comorbidities of depression (ICD-9-CM 296.2, 296.3, 296.82, 300.4, and 311), mental disorders (ICD-9-CM 290-319), insomnia (ICD-9-CM 307. 4 (Fig. 1 ). The participants were followed until death, withdrawal from the NHI, or the end of 2013, whichever occurred first.
Statistical analysis
The distributions of demographic characteristics, including age, sex, and comorbidities, were compared between the migraine and non-migraine cohorts. The differences were examined using the chi-square and t tests for categorical and continuous variables, respectively. We calculated the incidence density rates of subsequent mortality for the total migraine, SM, NM, and comparison cohorts. Univariable and multivariable Cox proportional hazard regression analyses were used to assess the risk of mortality associated with migraine compared with the comparison cohort. Hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated in the Cox models. In a multivariable model, we adjusted for age, sex, and comorbidities of depression, mental disorders, insomnia, alcohol-related illness, and anxiety, all of Fig. 1 The flowchart of participant selection in the study cohorts which had a significant difference in the univariable model. A multivariable regression analysis was used to estimate the average number of hospital days per year for all-cause admissions and frequency of migraine-related medical visits annually, and those associated with the risk factors in patients with migraine were determined using a stepwise selection method. We used SAS (version 9.4, Statistical Analysis System Institute Inc., Cary, NC, USA) for the data analyses. A two-tailed P value of < 0.05 was considered indicative of statistical significance.
Results
In total, 19,817 patients with migraine were selected (70.4% NM and 29.6% ever with SM). In both migraine and comparison cohorts, the mean age was 46 years (standard deviation [SD] = 15), proportion of women was 73.3%, and insomnia was the major comorbidity, followed by mental disorders and anxiety ( Table 1) .
The overall incidence density rates of mortality were 9.74, 7.95, 9.02, and 7.49 per 1000 person-years in the comparison, total migraine, SM, and NM cohorts, respectively ( Table 2) . Compared with the comparison cohort, the corresponding adjusted HRs (aHRs; 95% CIs) of the mortality were 0.81 (0.76-0.87), 0.89 (0.80-0.98), and 0.78 (0.72-0.84) for the total migraine, SM, and NM cohorts, respectively. Patients aged 50-64 years (aHR = 2.57, 95% CI = 2.40-2.75) and ≥ 65 years (aHR = 10.5, 95% CI = 9.84-11.1) had a higher risk of mortality when compared with those aged 20-49 years. In the multivariable model, the mortality risk was higher in men (aHR = 1.78, 95% CI = 1.70-1.87) and in patients with comorbid depression (aHR = 1.33, 95% CI = 1.24-1.43), mental disorders (aHR = 1.19, 95% CI = 1.12-1.27), and alcohol-related illness (aHR = 2.18, 95% CI = 1.98-2.40). Furthermore, the NM cohort had a significantly lower mortality risk (aHR = 0.89, 95% CI = 0.79-0.99) than did the SM cohort (Table 2) . Table 3 shows that the mortality risk, stratified by sex, age, and comorbidities; it was significantly lower in the total migraine and NM cohorts than in the comparison cohort. The aHRs of mortality were 0.68-0.86 and 0.64-0.84 in the total migraine and NM cohorts, respectively. In the total migraine cohort, patients with comorbidities demonstrated higher mortality rate than did those without. In patients with SM, the relative risk of mortality was lower in those aged 20-49 years (aHR = 0.79, 95% CI = 0.64-0.98) and in those without comorbidities (aHR = 0.73, 95% CI = 0.57-0.94; Table 3 ). Table 4 shows the stepwise regression analysis for evaluating the factors associated with the average all-cause hospital days annually among the patients with migraine. Compared with the comparison cohort, the average hospitalization duration was 0.66 days longer for the patients ever with SM. Furthermore, alcohol-related illness, male sex, depression, mental disorders, and age increased the hospitalization duration by 4.10, 1.98, 1.08, 0.81, and 0.11 days in the patients with migraine (Table 4) . Table 5 shows the stepwise regression analysis used to evaluate the factors associated with the frequency of Total migraine vs. comparison medical visits annually in the patients with migraine. We found that only age was a mild positive predictor (0.04 higher frequency of medical visits) in patients with migraine (Table 5 ).
Discussion
In this study, Taiwanese patients with migraine demonstrated a lower all-cause subsequent mortality rate. Overall, 9.74 and 7.95 mortality events per 1000 person-years occurred in the comparison and total migraine cohorts. In the patients with NM, the protective effects against mortality might have been due to the frequent medical care and physical examinations, particularly for the female patients. Women usually tend to use more medical services and spend more on health care than men do, with regard to primary care, physical therapy, and other medical support [15, 16] . However, the life expectancy for women generally being higher than that for men and the higher mortality risk among men can be confounding factors [17] . In the SM cohort, fewer protective effects were observed and those were noted only in patients aged < 50 years; even the frequency of medical visits increased with age in these patients. We observed some common trends between the increase of average all-cause hospitalization duration annually and higher mortality risk in the cohorts. In addition to the risk factors of age and the condition of SM, alcohol-related illness, male sex, depression, and mental disorders were major risk factors for all-cause hospitalization and mortality in patients with migraine. : multivariable analysis of age, sex, and comorbidities of depression, mental disorders, insomnia, alcohol-related illness, and anxiety *P < 0.05, ** P < 0.01, ***P < 0.001
Among the comorbidities, alcohol-related illness was the strongest risk factor for hospital admission and mortality in patients with migraine. In general, a small amount of alcohol may not trigger migraine. Several recent studies could not conclusively show whether alcohol triggers migraines [18] [19] [20] . Differences in cultural and ethnic values and practices affect alcohol consumption, which increases complexity in studying the relationship between alcohol drinking and migraine. In this study, we considered alcohol-related illness a major comorbidity and risk factor; it should be due to that the patients with this comorbidity had already experienced toxic effects from alcohol consumption along with their migraine. Migraine alters peoples' neuroendocrinal, neurophysiological, and neuropsychological conditions [5] [6] [7] [8] , and increases the risk of cardiovascular diseases. In addition to cardiovascular risk, this study reveals that alcohol-related illness is another risk factor to cause premature mortality in Taiwanese patients with migraine.
To our knowledge, this is the first study to show the long-term mortality rates in patients with migraine: patients with SM and NM demonstrated diverse survival outcomes. After the NHI was implemented in Taiwan, the annual mortality rate in general population significantly decreased by 5.83% from 1996 to 1999 [21] . In this study, we only analyzed the mortality risks in patients with migraine who died after being treated at inpatient facilities, excluding mortality cases outside a hospital. The NHI program has been over 20 years which is a universally compulsive insurance covering more than 99% of Taiwan's population and it is operated by the government in Taiwan. NHI guarantees the residents of Taiwan equal access of medical service regardless of socioeconomic status, background, and critical problems existing or not [12, 22] . The Taiwan's universal healthcare system showed very few disparities in accessing inpatient service and ultimate outcomes between different hospitals and areas in Taiwan [23, 24] , and the proportion of migraineurs died outside a hospital should be very rare. However, the detail underlying mechanisms need to be studied in the future to explain why Taiwanese patients with migraine have a lower mortality risk depicted in this study. Furthermore, patients ever with SM, of the male sex, and with alcohol-related illness, depression, or mental disorders have fewer protective : multivariable analysis including age, sex, and comorbidities of depression, mental disorders, insomnia, alcohol-related illness, and anxiety *P < 0.05, **P < 0.01, ***P < 0.001 Table 4 Stepwise regression analysis for average hospital days per year (all-cause admission) among patients with migraine effects from premature mortality, and could be said to have a malignant course of migraine. We hope that our findings highlight a future strategy for providing proper medical care to patients with migraine. Because of our study design, which included a nationwide, population-based sample with little risk of recall and selection bias, our findings should be considered convincing in Taiwan and other developing Asian countries with a heritage similar to that of Taiwan. However, this study has several limitations. First, we could not directly contact our patients because their identities were anonymized in the LHID. Therefore, the study design did not include details regarding the migraines, such as duration and frequency, psychological burden, and whether or how the migraines were treated with medication. Whether any migraine medications and other comorbid disorders influence the mortality rate is unknown. Second, any mortality cases occurring outside a hospital were out of the scope of our study. We intentionally designed our study in those died after being treated at inpatient facilities to achieve results with high validity, despite the slight possibility of introducing underestimation bias into the results. Third, we have to admit there was a possible bias that missed or underdiagnosed SM and NM. However, the NHIRD covers a highly representative sample of Taiwan's general population because the reimbursement policy is universal and operated by a single-buyer, the government in Taiwan. All insurance claims should be scrutinized by medical reimbursement specialists and peer review according to the standard diagnosed criteria in the study. If these doctors or hospitals make wrong diagnoses or coding, they will be punished with a lot of penalties. Therefore, the diagnoses of SM and NM in this study were highly reliable and our results indicate that the sample size was sufficient to statistically demonstrate the mortality risk in patients with migraine in Taiwan.
Conclusions
This study revealed that Taiwanese patients with migraine benefit from comprehensive and universal health care for not only controlling their migraines but also reducing subsequent mortality risk. Our findings provide vital information for clinicians and for assisting global efforts for understanding and treating migraine. 
